Background and Purpose-To define the detailed spectrum of audiovestibular dysfunction in anterior inferior cerebellar artery territory infarction. Methods-Over 8.5 years, we prospectively identified 82 consecutive patients with anterior inferior cerebellar artery territory infarction diagnosed by MRI. Each patient completed a standardized audiovestibular questionnaire and underwent a neuro-otologic evaluation, including bithermal caloric tests and pure tone audiogram. 
I
n infarction involving the distribution of the anterior inferior cerebellar artery (AICA), vertigo is usually associated with other neurological symptoms or signs such as hearing loss, facial weakness, facial sensory loss, crossed sensory loss, Horner syndrome, gait ataxia, and limb ataxia. [1] [2] [3] Adams 1 was the first who completely described the syndrome associated with AICA occlusion. In his patient, neurootologic symptoms such as vertigo, tinnitus, and bilateral hearing loss were early symptoms. Subsequent reports on AICA infarction have focused on the brainstem and cerebellar findings with little attention to the associated neurootological dysfunction. 2,4 -7 Before 2000, few studies 8, 9 had carefully investigated the audiovestibular disturbances that occur with AICA infarction.
AICA usually arises from the caudal third of the basilar artery and supplies the inner ear, lateral pons, middle cerebellar peduncle, and anterior inferior cerebellum, including the flocculus. 2, 5 Because AICA is an important artery for vascular supply to the peripheral and central vestibular structures and its occlusion commonly causes vertigo of either peripheral or central origin, we considered that analyzing the patterns of vestibular loss may shed light on the mechanism of vertigo occurring in vascular compromise within the posterior circulation.
Although recent studies 10 -17 have emphasized that audiovestibular loss is an important sign for the diagnosis of AICA infarction, detailed spectrum of audiovestibular dysfunctions has not been systematically studied in AICA territory infarc-tion. Thus, we sought to investigate the patterns of the audiovestibular dysfunction in a large series of consecutive patients with AICA territory infarction and to consider its clinical implication.
Patients and Methods
Between January 2000 and July 2008, we identified 90 consecutive patients from the acute stroke registry at 2 university hospitals in Korea, who had an acute infarction in the distribution of the AICA. We determined the AICA territory using the anatomic diagrams of Amarenco and Hauw 3 and the diagnosis of the AICA infarction was made when the MRI lesions involved at least one of the following anatomic structures: middle cerebellar peduncle, lateral inferior pontine area, or anterior cerebellar hemisphere. The typical AICA territory pontine lesion is like a triangle with an anterolateral base and an apex directed toward the fourth ventricle between the middle cerebellar peduncle and anterolateral pontine region. After excluding 8 patients with incomplete audiovestibular evaluation, 82 patients were finally selected for this study. In every patient, diagnostic tests were performed to determine risk factors of stroke. The average age of the patients was 64.9Ϯ15.3 years with a range from 23 to 93 years. Each patient completed a standardized dizziness questionnaire that included a detailed description on acute audiovestibular disturbances and underwent a neuro-otologic evaluation performed by the authors (H.L. and J.S.K.).
Vertigo was defined as a spinning illusion of the environment or the patients themselves. Caloric testing was performed with 30°C cold and 44°C warm irrigations of each ear for 20 seconds. Canal paresis (CP) was calculated using the Jongkees formula. Details regarding the audiovestibular tests have been previously published. 3, 18 We defined the auditory loss of a vascular cause as follows: (1) the patients noted a definite decline of hearing during the attack of AICA infarction; and (2) pure tone audiogram also documented the sensorineural hearing loss (SNHL). The diagnosis of vestibular loss of a vascular cause was based on the following criteria: (1) the patient had acute prolonged (Ͼ24 hours) vertigo at the time of AICA infarction; and (2) standardized caloric stimulation showed a reduced response Ͼ25% in the lesion side. Central vestibular dysfunction was defined when: (1) the patient had acute prolonged (Ͼ24 hours) vertigo at the time of AICA infarction; (2) standardized caloric stimulation showed normal caloric response; and (3) patients showed at least one of the following signs, including asymmetrical abnormalities of pursuit or optokinetic nystagmus, gaze-evoked bidirectional nystagmus, or impaired modulation of the vestibular response using visual input.
Neuro-otological evaluations were mostly performed during the acute period (0 to 43 days; mean interval of 6.7 days for vestibular evaluation and 5.3 days for auditory evaluation). In most patients, the MRI, including diffusion-weighted imaging and MR angiography (MRA), was performed during the acute period (0 to 30 days; mean intervals, 4.1 days).
Statistical analyses were performed by using SPSS program (Version 12.0; SPSS, Chicago, Ill).
2 test was used to compare the result of MRA findings in patients with and without prodromal audiovestibular loss. The MRA findings in patients with and without multiple posterior circulation infarcts were also compared using the 2 test. Significance was assumed at a value of PϽ0.05. All experiments followed the tenets of the Declaration of Helsinki and informed consents were obtained after the nature and possible consequences of the study had been explained to the participants. Because the present study included all consecutive patients during the research period, 23 patients previously reported 3,10 -12,16,17 were included, but new information is added in this report.
Results

Clinical Features
All were alert and oriented on admission. ). The complete AICA syndrome described by Adams was found in only 2 (2%) patients in whom the classic pontine symptoms such as facial sensory loss and weakness, crossed sensory sign, and Horner syndrome developed in addition to prolonged vertigo, hearing loss, and cerebellar signs. The most common risk factor was hypertension (66%) followed by diabetes mellitus (40%), current smoking (27%), a history of stroke (23%), atrial fibrillation (7%), and cardiac disease (6%). At least 2 vascular risk factors were found in 40 (49%), whereas no identifiable risk factor was present in 8 (10%) patients.
Characteristics of Audiovestibular Loss
There were 7 subgroups of AICA territory infarction according to the patterns of neuro-otological presentations (Table 1) ) had combined vestibulocochlear dysfunction (ie, CP and SNHL), whereas only 4 (7%) had isolated CP without SNHL and 3 (5%) had isolated SNHL without CP. CP was unilateral and was on the side of infarction proven on MRI. In contrast, approximately 30% (26 of 82) of patients showed no evidence of audiovestibular dysfunction, although most of them (92% [24 of 26]) also had prolonged vertigo. Pure tone audiogram detected unilateral (nϭ50) or bilateral (nϭ2) SNHL during the acute period. The unilateral SNHL was on the side of infarction proven on MRI. Of the 2 patients with bilateral SNHL, one had sudden bilateral hearing loss of moderate degree at the initial presentation and the other showed only left-sided profound hearing loss on admission but subsequently developed right hearing loss of moderate degree during hospitalization. None of the patients had a history of excessive exposure to noise, head trauma, meningitis, ototoxic drugs, or syphilis. Seven patients had a history of middle ear disease, but there was a clear aggravation of the hearing loss (SNHL on pure tone audiogram) at the time of infarction. MRI and audiovestibular findings of the representative patients in Groups 1 and 3 are shown in Figures 1 and 2 , respectively.
Topography of Infarcts Associated With Audiovestibular Loss and MRA Findings
The middle cerebellar peduncle was affected in 68 (83%), anterior inferior cerebellum in 38 (46%), and lateral inferior pons in 36 (44%) patients. AICA infarction was unilateral in 79 (96%) and bilateral in only 3 (4%) patients who showed lesions in both middle cerebellar peduncles. Complete AICA infarction involving the middle cerebellar peduncle, lateral pons, and anterior inferior cerebellum was found in only 13 (16%) patients. According to the findings on diffusionweighted imaging, 3 categories of infarction were identified. First, isolated AICA infarcts (nϭ55) were restricted to the middle cerebellar peduncle (nϭ44), dorsolateral pontine tegmentum (nϭ26), or anterior inferior cerebellum (nϭ27). Second, AICA and other cerebellar infarcts (nϭ14) involved AICA plus the posterior inferior cerebellar artery or superior cerebellar artery territory. AICA infarction was unilateral in the both groups. Third, AICA plus multiple infarcts (nϭ13) showed multiple infarctions in the posterior circulation territory in addition to AICA infarction. In 16 patients (20%), MRA disclosed focal (ie, middle or lower portion close to the AICA origin) or diffuse stenosis of the basilar artery. Thirty patients (37%) also showed diffuse or segmental narrowing of the vertebral artery ipsi-or contralateral to the AICA infarction. Another 41 (50%) patients showed normal vertebrobasilar artery on MRA. Patients with prodromal audiovestibular disturbances showed 5 times higher prevalence of severe basilar artery occlusive disease than in the patients without prodromal audiovestibular disturbance (62% versus 13%, PϽ0.001; 
Discussion
To the best of our knowledge, this is the by far largest series of AICA infarction focused on the audiovestibular dysfunctions. In our series, almost all (98%) patients with AICA territory infarction presented with acute onset of prolonged (Ͼ24 hours) vertigo and had a vestibular dysfunction of peripheral, central, or combined origin. The most common pattern of vestibular dysfunction in our series was a combination of peripheral (ie, unilateral CP) and central ocular motor or vestibular signs (ie, asymmetrically impaired smooth pursuit, bidirectional gaze-evoked nystagmus, or impaired modulation of the vestibular responses using visual input) that is observed in approximately 65% (53 of 82) of patients. These findings can be explained by the fact that AICA consistently supplies the peripheral vestibular structures such as the inner ear and vestibulocochlear nerve in addition to the central vestibular structures. 2, 5 As a result, in contrast to other cerebellar artery territory infarction, complete AICA infarction usually results in combined peripheral and central vestibular damages in addition to hearing loss, facial weakness, limb and facial sensory loss, gait ataxia, and cerebellar dysmetria. Because ischemia of any structures supplied by AICA can lead to vertigo, a definite conclusion on the site(s) responsible for the prolonged vertigo seems difficult in the individual patient with AICA infarction. However, 53 (65%) patients with AICA infarction had a unilateral weakness to caloric stimulation, suggesting that the vertigo was from the dysfunction of the peripheral vestibular structure, at least in part. On the other hand, 27 patients (33%) showed a normal caloric response, indicating that the vertigo may have resulted from ischemia to the central vestibular structures in these patients. Overall, our results showed that prolonged vertigo in AICA infarction mostly results from ischemia to both the peripheral and central vestibular structures.
In our series, 60% (49 of 82) of patients with AICA infarction showed acute onset of audiovestibular loss characterized by CP and SNHL, which is in agreement with the previous reports that audiovestibular loss is an important sign for the diagnosis of AICA infarction. 3, [12] [13] [14] [15] [16] 17 This finding can be explained by (1) the internal auditory artery, the principal artery for vascular supply to the inner ear, usually originates from AICA; and (2) the inner ear is particularly sensitive to transient ischemia because of its high energy requirements and lack of adequate collateral blood supply. 3,8 -10,16 -18 Unlike a previous report 2 that approximately 80% of patients with AICA infarction showed symptoms or signs indicative of lateral pontine dysfunction, facial weakness or crossed sensory loss suggesting pontine dysfunction was found in only 28% (23 of 82) of patients in our series, suggesting that although pontine signs are key features differentiating AICA infarction from a more common benign disorders involving the inner ear, it is less common than previously thought. It is well known that anatomic variations are common in cerebellar vasculature. Even in normal persons, the AICA may dominate in one side, whereas the posterior inferior cerebellar artery mainly supplies the inferior cerebellum in the other side. At times, either the AICA or posterior inferior cerebellar artery is absent and one artery supplies the usual territories of both arteries. Rarely, one posterior inferior cerebellar artery may irrigate both sides of the inferior cerebellum. Unfortunately, only a few of our patients underwent conventional angiography and the exact pathology of posterior inferior cerebellar artery is beyond the resolution of MRA.
It is interesting to compare MRA findings in the patients with prodromal audiovestibular disturbances (defined as episode[s] of transient vertigo, hearing loss, and/or tinnitus within 1 month before the infarction) with those in the patients without prodromal audiovestibular disturbance; focal or diffuse stenosis of the basilar artery close to the origin of AICA was more common in the patients with prodromal audiovestibular disturbance (62% versus 13%, Pϭ0.000). This finding may explain the high incidence of prodromal symptoms in the group of patients with basilar artery compromise on MRA. Territorial strokes of the AICA have been associated with basilar artery branch occlusive disease. 2, 5, 6 Because most of our patients with prodromal audiovestibular disturbances had evidence of a focal or diffuse segment of reduced blood flow in the basilar artery close to the AICA origin, an atheromatous plaque within the basilar artery may have extended into the AICA ostia. By this mechanism, decreased blood flow in the affected AICA might cause either transient episode of selective ischemia to the inner ear, resulting in isolated prodromal audiovestibular disturbance, or permanent damage to the widespread areas involving the middle cerebellar peduncle, lateral pons, and anterior cerebellum giving rise to prolonged vertigo and hearing loss in addition to other central symptoms and signs. In our series, most patients (45 of 55 [82%]) with isolated AICA infarction showed normal MRA and severe basilar artery occlusive disease was more common in patients with posterior circulation infarcts in addition to AICA infarct, consistent with the previous report 2 that isolated AICA infarcts are usually caused by basilar branch occlusive disease, whereas infarcts extending beyond AICA territory are mostly due to basilar artery occlusive disease. Our results have practical implications. When patients with risk factors for stroke developed acute onset of isolated prolonged vertigo without accompanying hearing loss or other neurological symptoms, ischemic damage to the superior vestibular labyrinth due to anterior vestibular artery infarction is reasonably suspected because the lumen of anterior vestibular artery is small and has little collateral circulation. 9, 19, 20 A previous report 20 also supported this assumption because approximately 50% of patients with isolated episodic vertigo of a vascular cause (ie, vertebrobasilar insufficiency) had unilateral CP, which is commonly localized to the inner ear (ie, superior vestibular labyrinth). However, our finding did not support this assumption because only 4 (5%) patients showed isolated vestibular labyrinthine involvement at the time of AICA infarction. Thus, although isolated anterior vestibular artery infarction may be served as a mechanism of isolated vascular vertigo, the incidence would be low. Isolated involvement of the cochlea was also uncommon manifestation of AICA infarction in our series, which was observed in only 3% of patients. Based on our finding, we speculated that internal auditory artery ischemia seldom results in selective involvement of anterior vestibular artery or main cochlear artery. Unlike inner ear dysfunction of a viral cause, which can commonly present as an isolated vestibular (ie, vestibular neuritis) or cochlear loss (ie, sudden deafness), labyrinthine dysfunction of a vascular cause rarely results in isolated loss of vestibular or auditory function. Thus, when sudden onset of isolated prolonged vertigo or hearing loss occurred in patients with vascular risk factors, vascular compromise to the inner ear was less likely considered. However, when the combined audiovestibular loss occurred in patients with prolonged vertigo, the vascular cause was highly suspected. Our finding supported the assumption that sudden onset of isolated audiovestibular syndrome with vertigo and hearing loss can result from a vascular event (ie, labyrinthine infarction). Indeed, AICA territory infarction can produce a unique pattern of vestibuloauditory loss in that the combined loss of both vestibular and cochlea function, rather than isolated vestibular or cochlear loss, would be more commonly expected if internal auditory artery is involved.
Although unilateral CP usually indicates a lesion in the peripheral vestibular structures from the ipsilateral labyrinth to vestibular nerve, including the root entry zone at the pontomedullary junction, it is well known that the root entry zone of the eighth cranial nerve has a rich network of anastomotic vessels arising from the lateral medullary artery, AICA, and inferior lateral pontine artery. 21, 22 Thus, isolated focal infarction in that area is highly unlikely. Furthermore, to the best of our knowledge, there was no report of a vascular vertigo syndrome due to focal infarction in the root entry zone of the vestibular nerve. Indeed, we believe that the possibility of CP associated with a lesion in the root entry zone of the eighth cranial nerve was extremely low in our patients with AICA infarction.
Our study has several limitations. We only evaluated function of the superior vestibular labyrinth with horizontal semicircular canal by using caloric test and did not attempt to assess the function of the inferior vestibular labyrinth that includes the posterior semicircular canal and saccule with their afferent fibers. Second, because our study only included the patients with documented AICA territory infarct on MRI, the spectrum of audiovestibular dysfunction remains to be elucidated in isolated labyrinthine infarction.
Third, because some of our patients had also a lesion in the areas other than AICA territory, some of the neurological signs, including ocular motor abnormalities, limb ataxia, and severe gait disturbance with falling, may have resulted from dysfunction of the areas supplied by the arteries other than AICA. Finally, because MRA in most patients cannot adequately visualize the posterior inferior cerebellar artery/ AICA, and their smaller branches, further studies using conventional angiography are required to assess the vascular status of the AICA and posterior inferior cerebellar artery in AICA infarction.
In conclusion, infarction in the AICA territory can present with a broad spectrum of audiovestibular dysfunctions. Considering the low incidence of selective cochlear or vestibular involvement in AICA infarction, vascular compromise appears to give rise to combined loss of auditory and vestibular functions, whereas viral illness commonly presents as an isolated vestibular (ie, vestibular neuritis) or cochlear loss (ie, sudden deafness).
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